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Synthesis and Characterization
Scheme S1. Overview of the synthetic route to all structures. Details on the synthetic procedures are described below. Partial fluorescein labeling of α-azido ω-hydrazine poly(ethylene glycol) (2) Polymer 10 (100 mg, 0.1 mmol) was dissolved in methanol (10 mL) and fluorescein probe SX-A1030 (5 mg, 0.06 equiv.) was added. The reaction was allowed to proceed overnight, after which all solvents were removed. TLC, eluting with acetonitrile:MilliQ (9:1)
showed full consumption of dye SX-A1030 (Rf = 0.75) and a new bright fluorescent product (Rf = 0.05) at the same height as 10 was formed (note that mixing of PEG and SX-A1030 results in a clear separation under these conditions).
The product was dissolved in ice-cold dichloromethane (1 mL) and filtered over a 0.1 µm syringe filter. The product, was obtained by removing all dichloromethane (85 mg, ca. 60%). SEC (THF): Mn = 1.4 kg/mol, Mw/Mn = 1.31
(detection at 340 nm, whereas the starting material, 10, does not absorb at 340 nm). 1 HNMR (400 mHz, CDCl3): no significant deviation from 10, due to labeling with only 0.06 equiv. of dye.
Partial Rhodamine labeled Polybutadiene-hydrazone-poly(ethylene glycol) (4) Polymer 14 (100 mg, 0.021 mmol) was dissolved in THF (10 mL) and Rhodamine probe SX-A1031 (5 mg, 0.2 equiv.) was added. The reaction was allowed to proceed overnight. Solvents were removed and product 4 was purified by preparative GPC (THF) to yield 70 mg product. The product was highly fluorescent and in contrast to 14 showed absorption in the GPC detector at 340 nm (see figure S2 ). Mw/Mn = 1.22, Mn: 4.7 kg/mol. 1 HNMR (400 mHz, CDCl3) no significant deviation from 14, due to the low concentration of dye. Maleimide end-functional Polybutadiene-hydrazone-poly(ethylene glycol) (5) Polymer 14 (100 mg, 0.021 mmol) was dissolved in THF (10 mL) under an argon atmosphere. Next, CuBr (5 mg, 34 µmol), PMDETA (1 drop, ca.
50 mg, 0.28 mmol) and maleimide 15 (5 mg, 1.6 equiv.) were added and heated to reflux overnight. All solvents were removed and the products were dissolved in dichloromethane (1mL). The product was purified on a silica column, eluting with a gradient of 0-8 v% methanol in dichloromethane to obtain the product (55 mg, 50 %, Rf in 8% Figure S3 ). Rhodamine labeled Polybutadiene-triazole-poly(ethylene glycol) (7) Polymer 12 (50 mg, 10 µmol) was dissolved in THF (10 mL) and Et3N (1 mL) was added. Next, rhodamine B isothiocyanate (7.5 mg, 1.5 equiv.) was added and allowed to react for 48 hours. Solvents were removed and product 7 was purified by preparative SEC (THF) to yield the product (25 mg, 45%). The product was a single spot on TLC (8 percent methanol in DCM; UV and permanganate stain) which appeared brightly fluorescent. Note that the isothiocyanate coupling of rhodamine B proceeded slowly and the reaction did not go to completion as can be seen from the SEC traces (absorption @ 340 nm) in figure S4 . The elution volume that was collected in preparative SEC (THF) is depicted in the box (6.7 to 8.1 mL) Figure S4 : SEC (THF) analysis of block copolymer 12, which does not absorb at 340 nm before the addition of rhodamine B isothiocyanate. After 2 hours the labeled polymer (top~7.5 mL) does absorb at 340 nm, which increases over the next 46 hours. The dashed box indicates the volume, containing product 7, that was collected by preparative SEC in THF.
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α-azido ω-hydrazine poly(ethylene glycol) (10) Compound 8 (1g, 1 mmol) was dissolved in methanol (50 mL) and concentrated sulphuric acid (5 drops) were added. The mixture was heated under reflux overnight, after which methanol was removed. The product was dissolved in water (50 mL) and extracted with dichloromethane (5x 50 mL). The product was dissolved in methanol (50 mL) and hydrazine (15 mL, 1M in THF) was added. The mixture was heated under reflux for 48 hours, after which almost all solvents were removed. The product was dissolved in dichloromethane (50 mL) and washed with hydrochloric acid (1M, 50 mL). The aqueous layer was extracted with dichloromethane (4x 50 mL). The combined organic layers were dried over MgSO4 and all solvents were removed to yield the product (800 mg, 80% 
ω-azido-Polybutadiene-hydrazone-poly(ethylene glycol) (14)
Polymer 10 (80 mg, 0.8 mmol) and 13 (800 mg , 2.5 equiv. 3.7 kg/mol) were dissolved in dry dichloromethane (2 mL). The mixture was allowed to react for 24 hours while gently stirring. The mixture was poured on a short silica column, which was eluted with dichloromethane. After 
Polymersome formation
General procedure 20 mg of the desired (ratio) of block copolymer(s) was dissolved in THF (2 mL) and slowly diluted with MilliQ water (6 mL) to obtain an opaque solution. The solution was extruded three times through a 200 nm syringe filter. THF was removed by purification over a Sephadex G200 column, eluting with demineralized water, after which the opaque polymersome fractions were combined. If needed the pH was adjusted to neutral (0.05 M NaOH) and the total volume was adjusted to 10 mL (2 mg/mL, 0.4 mM). The average size was determined by dynamic light scattering and was in all cases around 200 nm with a PDI below 0.2. 
Exchange experiments
Dansyl-PEG solution exchange Polymersomes from 3 and polymersomes from 6 were prepared as described in the general procedure for polymersome formation. Next, three sample were prepared containing: A) 3 mL polymersomes formed from 3 (0.4 mM), 0.8 mg of 1 (0.26 mM) and 1.7 mg aniline (6 mM) B) 3 mL polymersomes formed from 3 (0.4 mM) and 0.8 mg of 1 (0.26 mM) C) 3 mL polymersomes formed from 6 (0.4 mM), 0.8 mg of 1 (0.26 mM) and 1.7 mg aniline (6 mM)
Electronic Supplementary Material (ESI) for Polymer Chemistry This journal is © The Royal Society of Chemistry 2013
At different time points a 600 µL sample of A, B and C was withdrawn and purified over a Sephadex G200 column to remove free PEG and aniline (elution with milliQ). The average size at a fixed attenuator and measurement position was determined by DLS and if necessary the samples were diluted to equally derived count rates. No significant change in size and polydispersity in time was observed. Samples were prepared in a 96 well plate (200 µL) and measured in a plate reader for dansyl emission (340 nm (excitation) and 560 nm (emission)).
Dansyl-PEG/Rhodamine-PEG solution exchange Polymersomes were formed from 3 and 4 in a ratio of 95:5 as described above. The experiment was started by mixing 3 mL of polymersomes (0.4 mM), 3 mg of 1 (1.0 mM) and 1.7 mg aniline (6.0 mM).
At different time points a 600 µL sample was withdrawn and purified over a Sephadex G200 column to remove free PEG and aniline (eluting in MilliQ). The average size at a fixed attenuator and measurement position was determined by DLS and if necessary the samples were diluted. No significant changes in size and polydispersity in time were observed. Samples were prepared in a 96 well plate (200 µL) and measured in a plate reader. Both the dansyl and rhodamine probe were selectively visualized subsequently (dansyl excitation 340 nm, emission 540 nm;
rhodamine excitation 540 nm, emission 592 nm).
Fluorescein-PEG/Rhodamine-PEG solution exchange
This experiment was performed to visualize the co localization of two fluorophores at polymersomes. As dansyl was not a suitable probe for CLSM due to fast quenching, it was replaced by fluorescein (compound 2).
Polymersomes were formed of 3 and 4 in a ratio of 95:5 as described above. The experiment was started by mixing 600 µL of polymersomes (0.4 mM), 0.5 mg 2 (0.56 mM) and 3 mg aniline (50 mM). After 24 hours a sample was purified over a Sephadex G200 column eluting with MilliQ water. The average size at a fixed attenuator and measurement position was determined by DLS and no significant change in size and polydispersity was observed. The emission spectrum of both fluorophores was determined simultaneously in the plate reader (480 nm excitation). For the CLSM experiment both fluorophores were excited with 476 nm laser. Simultaneously, Rhodamine was selectively visualized by recording emission between 580-610 nm and fluorescein was recorded between 500-530 nm (Fig S7) . 
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Cell studies
TAT-PEG/Rhodamine-PEG surface exchange Three types of polymersomes (P1, P2 and P3) were formed as described in the general section on polymersome formation. P1 was formed from 3 and 4 in a ratio of 9:1 (rhodaminelabeled) (10 mL, 0.4 mM); P2 was formed from 6 and 7 in a ratio of 9:1 (same as P1 but no hydrazone bonds) (10 mL, 0.4 mM); P3 was formed from 3 and 5 in a ratio of 8:2 (Maleimide, but no fluorescent label) (10 mL, 0.4 mM) P3 polymersomes were functionalized with tat-peptide; 1.1 mg tat (~0.5 equiv towards maleimides) was dissolved in 1 mL MilliQ and 5 mg TCEP gel (Piercenet) was added. The mixture was incubated for 30 minutes after which the solution was filtered and added to the full 10 mL of maleimide-functional polymersomes P3. Residual tatpeptide was removed by spin column (4000 rpm, 0.1 nm pores) until the eluate showed negative on Kaiser test (ninhydrin for free amines). The total volume was adjusted to 10 mL to have equal concentrations compared to P1
and P2 (0.4 mM).
Next, three samples to test polymersome-polymersome surface exchange were prepared as follows:
A) 600 µL P1 + 600 µL P3 + 1 mg aniline (1.2 mL sample; 0.4 mM in polymer and 9 mM in aniline) B) 600 µL P2 + 600 µL P3 + 1 mg aniline (negative control) (1.2 mL sample; 0.4 mM in polymer and 9 mM in aniline) C) 600 µL P1 and 0.5 mg aniline (negative control) (0.6 mL sample; 0.4 mM in polymer and 9 mM in aniline)
After 16 hours all samples were purified over a Sephadex G200 column to remove any free PEG and aniline (eluting with milliQ). The opaque fractions were combined and used in the Hela Cell Studies as discussed next.
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